The epithelium lining the gastrointestinal tract contains up to 20% of non-epithelial cells, most of which are lymphocytes.' These intraepithelial lymphocytes (IEL) have been described in a variety of experimental animals,2-9 as well as along the human gastrointestinal tract.11011 The IEL population consists of both small and large lymphocytes, lying above the basement membrane between epithelial cells, but not forming specialised attachments with either of these structures. Observations in thymus-deficient mice suggest that the majority of IEL are T lymphocytes, although there is also a subpopulation of relatively thymus-independent lymphocytes, which were assumed to be B cells.2-412 Migration experiments with T blasts in mice, combined with immunofluorescence of tissue sections demonstrated that all the IEL seen were T cells.7 Isolation of small intestinal IEL from mice5 and guinea-pigs9 confirmed the predominance of T cells in these species. In man, the evidence is conflicting. Strickland et al.'3 using immunofluorescence, found both T and B cells in the intestinal epithelium of two normal controls and two patients with Crohn's disease. In a larger study, Meuwissen and his coworkers'4 noticed that the majority of IEL were T lymphocytes in normal subjects and patients with Crohn's disease, but only brief mention was given to
epithelium of any of the tissues examined. The functions of IEL must be assessed in the light of the finding that they are predominantly T cells.
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In view of the conflicting data in man, and the lack of detailed study of Examination by light microscopy of frozen sections stained with H and E revealed satisfactory preservation of tissue morphology, in particular that of the epithelium. Using phase microscopy, the basement membrane of the epithelium was identified easily and the relationship of cells to the basement membrane could be determined.
INTRAEPITHELIAL LYMPHOCYTES
IEL were identified by their morphology and site under phase microscopy and by the expression of HLe-1 on the surface membrane. IEL were seen in stomach, small intestine, and colon, both in the surface epithelium and the epithelium of mucosal glands and crypts (Table) . T lymphocytes Sections were double-labelled for HLe-1 (FITC) and HuTLA (TRITC). In the gastric body and antrum only small numbers of IEL were seen, but over 97 % were HuTLA+ (intraepithelial T lymphocytes-T IEL). In the small intestine IEL were more numerous and, on average, 97% were T lymphocytes (Fig. 1) . The proportion of T IEL was slightly higher in the proximal small bowel (97-99%) than in the ileum (93 %). T lymphocytes also constituted the major IgA is found on epithelial cells but the IEL are IgA-negative. proportion of IEL in the colon (87-92 %) and rectum (95 % Fig. 2 ).
In each tissue studied, the proportion of T cells in the IEL population was similar in the epithelium of the villi or surface as in that of the crypts or glands (Fig. 2) .
Immunoglobulins (Ig)
All sections were incubated with antisera to IgA, IgM, and IgG. Neither surface nor cytoplasmic Ig staining could be detected on IEL in any of the tissues. Immunoglobulin staining, particularly for IgA, seen on the surface of columnar epithelial cells sometimes made difficult the exclusion of surface immunoglobulin on IEL. However, this epithelial fluorescence was always much fainter than the staining of extracellular immunoglobulin or the labelling of B-cells or plasma cells in the lamina propria (Fig. 3) . In addition, two gastric, three jejunal, and three large bowel specimens were examined with anti-HLe-1 and anti-IgA in double combination. All IEL were HLe-1+ TgA-. Several sections were stained with antibodies to lgD and IgE. No IEL were positive for these immunoglobulins and only occasional positive lamina propria cells were seen. IEL did not react with antibodies to human light chains.
In each tissue studied there was a small population of non-T, non-B IEL (HuTLA-, Tg-) ranging from 1 % in the upper small bowel to 14% in the descending colon (mean 3 % in the small bowel; 8 % in the colon).
Ia-like antigens Intraepithelial T lymphocytes along the gastrointestinal tract were found to express Ia-like antigens only rarely (Fig. 4) . Only two cases had more than 5% Ia+ T IEL (values being 7 and 9% of the HuTLA+ cells). These specimens, both from ascending colon were obtained at colonoscopy undertaken for a suspected caecal polyp in one case and for follow-up after colectomy for carcinoma in the other. In both patients, colonoscopic and histological findings were normal. Ileal sections taken at the same time in each patient contained less than 5 % HuTLA+, Ta+ IEL.
Within each section of stomach and small bowel the proportions of HuTLA+, Ta+, and HLe-1+ Ta+ IEL were similar, and very low (0-3 %). In colonic biopsies, however, particularly in the surface epithelium, there was a small proportion (less than 5 %) of weakly HLe-1+, strongly la+ cells which could not be accounted for by HuTLA+ Ta+ cells. This was more evident in the two specimens of ascending colon with detectable numbers of HuTLA+, Ta+ cells, as discussed above. Occasional cells (less than 0.1 %) which bore Talike but not HLe-1 antigens were seen in both small and large bowel epithelium. The staining of Ia appeared to be cytoplasmic, and the cells were large.
Other cells Rare cells within the epithelium had the appearance of granulocytes under phase microscopy. These cells demonstrated both green and red autofluorescence when studied without the addition of fluorescent antisera. Similar cells were seen much more frequently scattered around the lamina propria of all sections of the gut. 
Discussion
Observations in mice and rats have shown that when B and T blasts from mesenteric lymph nodes and thoracic duct lymph are injected into syngeneic recipients, they migrate to the small and large intestine. Only the T blasts reach the epithelium.7 Using immunofluorescence on tissue sections, the same authors confirmed that all IEL seen were T cells. Examination of isolated mouse small intestinal IEL demonstrated that 80-90% reacted with antimouse-T lymphocyte antigen. Surface Ig-bearing cells were rare, and may have represented contamination from the lamina propria. ' The present study is the first to concentrate specifically on human IEL in tissue sections using conventional antisera in combination with mouse monoclonal antibody, and extends the data in rodents to man. Intraepithelial lymphocytes were identified in sections of normal stomach, small bowel, colon, and rectum by the expression of HLe-1, a leucocyte antigen. In all sites of the gut examined, the majority of IEL reacted with a specific anti-T cell serum. These findings are in agreement with those of Meuwissen et al. ' 4 who studied T lymphocytes in ileal and colonic biopsies.
An interesting finding was the demonstration of IEL within the gastric epithelium. These were, again, T-cells. Pfeiffer and Weibel22 described three possible IEL in ferret antral mucosa, and Toner and Ferguson' confirmed their presence in human gastric biopsies. Other than this, little attention has been paid previously to gastric IEL.
Neither B lymphocytes (HLe-1+ Smlg+) nor plasma cells (Cylg+) could be detected in the gut epithelium in our study. Immunoglobulin, particularly TgA, was found on the membranes of, and between, columnar epithelial cells, as described previously.23 In all cases, however, the epithelial staining was uniform, and no circumscribed increases were seen basally in the region of the IEL. guinea-pigs.9 Eosinophils were identified in the epithelium and lamina propria. They could easily be differentiated from IEL by their autofluorescence and the granular appearance under phase microscopy.
The functions of human IEL must be assessed in the light of the finding that they are predominantly T cells. We have recently reported also that up to 90% of T IEL express a surface marker of suppressor-cytotoxic T cells, as identified by a monoclonal antibody, OKT83°.
T IEL may be important in processing intraluminal antigens. Intracellular pinocytotic vesicles have been described in human IEL, and are thought to represent material ingested from the intestinal environment.' It is possible, therefore, that IEL are the first cells of the immune system to come into contact with luminal antigen, which may then be taken up by the cell or carried on its surface. The IEL are capable of crossing the basement membrane to enter the lamina propria,'11 and there they may modulate the immune response to the antigen by interacting with macrophages or other lymphocyte populations. The demonstration of IEL processes crossing the basement membrane and lying in contact with lamina propria macrophages' as well as the presence of macrophage processes in the epithelium6 support this possibility. Whether the T-suppressor subset of IEL contributes to the development of immunological tolerance to orallyingested antigens3' remains to be established. The HuTLA+, OKT8+ IEL population may also represent a cytotoxic cell or its precursor with a role in controlling virus infection, tumour development, or autoimmunity. This work was supported by a Fellowship from the Coppleson Postgraduate Medical Foundation, University of Sydney, Australia. We would like to thank the medical and surgical staff of the Royal Free Hospital for assistance in obtaining biopsies.
